Supplementary Figures
. In the absence of YdaM and YciR, curli expression is unaffected by knocking out any other DGC or PDE. Expression of the csgB::lacZ reporter fusion was assayed in derivatives of strain W3110, which also carry knockout mutations in ydaM and yciR ('parental') in combination to mutations in any of the additional 27 GGDEF/EAL genes, which encode DGCs, PDEs or degenerate GGDEF/EAL domain proteins with non-enzymatic functions. Cells were were grown in LB at 28 o C and specific β-galactosidase activities were determined after growth overnight. Note that the only mutation that further reduced the basal csgB::lacZ expression in the ydaM yciR double mutant, was yhdA::cat. This is consistent with earlier observations that CsgD and csgB::lacZ expression is reduced in this mutant (Sommerfeldt et al., 2009) , and that yhdA (csrD) mutations affect small regulatory RNA turnover (Suzuki et al., 2006) in a way that does not involve c-di-GMP. Figure S2 . Role of MlrA in curli expression. A: Epistasis relationships in curli regulation. Knockout mutations in mlrA and the genes of the YdaM/YciR and YegE/YhjH c-di-GMP control modules were combined as indicated. The resulting W3110 derivatives also carry a single copy csgB::lacZ reporter fusion. Cells were grown in LB for 24 hours and OD578 and specific β-galactosidase activities were determined. B: MlrA expression is not affected by mutations in ydaM and yciR. W3110 derivatives containing either the single copy mlrA::lacZ reporter fusion (upper panel) or a FLAG-tagged mlrA allele in the chromosome (lower panel) as well as ydaM and yciR mutations as indicated grown in LB at 28 o C. OD578 and specific β-galactosidase activities were determined (upper panel) or cellular levels of MlrA::FLAG were detected by immunoblot using an anti-FLAG serum (lower panel). Figure S3 . Down-regulation of curli expression by plasmid-encoded YciR. W3110 derivatives carrying the single copy csgB::lacZ reporter fusion and the yciR::kan mutation in the chromosome as well as the indicated pRH800-derived plasmids containing the yciR + or yciR ΔEAL alleles under tac promoter control were grown in LB/ampicilline at 28 o C. YciR proteins are expressed at basal levels, since no inducer (IPTG) was added. OD578 and specific β-galactosidase activities were determined.
Figure S4. Oligomerisation of YdaM in vitro.
A: Purified YdaM forms tetramers in solution. Purified YdaM (4 µM) was incubated at 22 o C for 30 min, before the crosslinker disuccinimidyl suberate (DSS; 1 mM) was added for an additional incubation time of 30 min. GTP and/or c-di-GMP were added as indicated. The reaction was stopped by adding 20 mM Tris-Cl (pH 7.5) and incubation was continued for 15 min. Samples were subject to SDS-PAGE and proteins were visualized by immunoblotting with anti-His6-antibodies. Note that the addition of the substrate GTP somewhat promotes the formation of dimers, consistent with a GGDEF domain dimer being required for c-di-GMP formation . B: The N-terminal domain of YdaM plays a structural role in tetramerisation. Purified YdaM (4 µM) and YdaM ΔNTD (i.e. the purified GGDEF domain of YdaM alone; 9 µM) were crosslinked and visualized as described above. Note that wildtype YdaM, which contains a Nterminal PAS domain, predominantly forms tetramers, whereas upon deletion of this NTD, the GGDEF domain alone is mainly present as a monomer and forms a ladder of lower amount oligomers without preference for tetramers. ; 'parental'). In addition, the yegE and yhjH knockout mutation were present where indicated. Cells were grown in LB at 28 o C. OD578 and specific β-galactosidase activities were determined. Figure S8 . Plasmid-encoded YciR as well as YciR AAL can inhibit c-di-GMP-independent MlrA-dependent basal curli expression. YciR or YciR AAL proteins were expressed from pRH800-derived plasmids in a W3110 derivative carrying the single copy csgB::lacZ reporter fusion as well as the indicated mutations in ydaM, yciR, yegE and yhjH. Cells were grown in LB/ampicilline at 28 o C. YciR proteins are expressed at low levels, since no inducer (IPTG) was added. OD578 and specific β-galactosidase activities were determined. Figure S9 . The I-site of YdaM is not essential for curli regulation by YegE/YhjHcontrolled c-di-GMP. Expression of csgB::lacZ was determined in a W3110 derivative carrying the single copy csgB::lacZ reporter fusion in combination with the chromosomally integrated point mutation in the I-site in ydaM (ydaM I-site ; A) or a wildtype ydaM + allele (B) reintegrated in a similar way ('parental'). In addition, the yegE and yhjH knockout mutation were present as indicated. Cells were grown in LB at 28 o C. OD578 and specific β-galactosidase activities were determined.
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Supplementary Table   Table S1 . Oligonucleotide primers used in the present study 1 .
I. Primers used for cloning into pETDuet (yielding YdaM with an N-terminal His6-Tag and YdaM and MlrA with C-terminal S-tags):
II. Primers used for cloning into pQE60:
III. Primers used for cloning into pBT:
IV. Primers used for cloning into pTRG:
V. Primers used for cloning into pRH800:
VI. Primers used for cloning into pCAB18:
VII. Primers used for mutagenesis of ydaM 2 :
VIII. Primers used for mutagenesis of yciR
IX. Primers used for inserting mutant alleles of yciR and ydaM into the chromosome:
X. Primers used for C-terminally 3xFLAG-tagging of MlrA and YciR:
XI. Primers used to generate a csgD promoter-carrying fragment:
FMO-49 5'-CACCGAAATATTTTTTATATGC-3' FMO-18 5'-GAAGCACCAGAAGTACTGACAGATG-3'
Extended Experimental Procedures

Construction of plasmids
Oligonucleotide primers and restriction enzymes used for plasmid constructions are listed in Table S1 (see above). For in-vitro interaction assays, relevant genes were cloned into pETDuet (Merck, previously Novagen) as well as into pQE60 (Qiagen), which generated proteins with Cterminal S-tags and His6-tags, respectively. While ydaM and mlrA generated the expected Stagged full-size proteins when cloned into pETDuet, cloning of yciR into this vector resulted in instability of YciR in vivo. Therefore, only S-tagged YdaM and MlrA could be used for the pull-down experiments. Cloning of yciR and mlrA into pQE60 (with C-terminal His6-tags) and of ydaM into pETDuet (with N-terminal His6-tag) resulted in the expected full-size His6-tagged proteins. All tagged proteins expressed from these plasmids were tested for activity in vivo, and were found to complement the respective mutations (data not shown). ) were generated using a four-primer/two-step PCR protocol (Germer et al., 2001 ) with ydaM on pBAD18 (Weber et al., 2006) and yciR on pQE60 (see above). The A-site mutation in ydaM is the EE334/335 to AA exchange, the I-site mutation in ydaM is the R323G+D326G exchange.
Point mutations in ydaM (ydaM
For analyzing protein-protein interactions in vivo, the Bacterio-Match two-hybrid system (Stratagene, Agilent Technologies) was used. The two proteins to be tested for interaction are C-terminally fused to the N-terminal DNA-binding domain of the lambda cI repressor (expressed from pBT) and to the N-terminal domain of the bacterial RNA polymerase alpha subunit (expressed from pTRG) (Dove and Hochschild, 2004) .
For testing inhibition of curli expression by YciR, the complete yciR gene as well as the yciR AAL allele (E440A) and the yciR ΔEAL allele, which lacks the entire region encoding the EAL domain, were cloned into pRH800, which is a medium copy number tac promoter expression plasmid (Lange and Hengge-Aronis, 1994) .
For manipulation of the cellular c-di-GMP pool, the yaiC and yhjH genes, which encode a DGC and PDE, respectively, were cloned under the control of the tac promoter onto the low copy number vector pCAB18 (Barembruch and Hengge, 2007) .
Generation of chromosomal alleles encoding 3xFLAG-labeled proteins C-terminally 3xFLAG-tagged chromosomally encoded constructs were generated using plasmid pSUB11 as a PCR template (Uzzau et al., 2001 ) and the oligonucleotide primers listed in Table S1 following a procedure based on λRED technology (Datsenko and Wanner, 2000) .
Introduction of point mutations into the chromosome For introducing the yciR AAL
, yciR GGAAF and ydaM I-site alleles into the otherwise wildtype chromosomal background (W3110), a two-step method related to the one-step-inactivation protocol (Datsenko and Wanner, 2000) was applied (B. Wanner, personal communication). All oligonucleotides for this procedure are listed in the Supplementary Table S1 . The procedure uses a fragment of plasmid pKD45 (Datsenko and Wanner, 2000) , encoding a kanamycin-resistance cassette and a ccdB toxin under the control of a rhamnose-inducible promoter, which is first introduced into the target locus in the chromosome, followed by its out-crossing with the desired allele which is selected for by growth in the presence of rhamnose (Kolmsee and Hengge, 2011) . Allelic states of transformants were verified by PCR and DNA sequencing. By the same procedure also wild-type alleles were back-crossed, which resulted in strains with csgB::lacZ expression indistinguishible from the original wildtype strains.
Protein purification C-terminally His6-tagged YciR and MlrA were purified from pQE60-derived plasmids in strains carrying ydaM::cat mlrA::kan double mutations and a rpoS::Tn10 mutation, respectively, in order to minimize endogenous production of wildtype YdaM, YciR and MlrA, and therefore contamination of the desired purified protein with the respective other proteins. N-terminally His6-tagged YdaM (wildtype protein as well as variants carrying the A-site or I-site mutations) were purified from the pETDuet-derived plasmids in a derivative of strain ER2566 carrying the yciR::kan mutation. It should also be noted that purified YciR has a tendency to relatively rapidly aggregate, especially when purified from mutant backgrounds that do not contain YdaM and MlrA. While its 'simple' enzymatic activities (5'-phosphodiesterase and 3'-phosphodiesterase activity) are robust, its activities that depend on correct intra-or intermolecular complex formation, i.e. its residual intrinsic DGC activity and its ability to inhibit DGC activity of YdaM, decline relatively rapidly after purification, which is probably due to microaggregate formation. Therefore, YciR was prepared freshly shortly before each experiment.
Strains were grown in LB/ampicilline at 37 o C to an OD578 of 0.5 to 0.7, IPTG (100 µM) was added and incubation continued overnight at 16 o C. For overexpression of C-terminally His6-tagged YhjH (Pesavento et al., 2008) cells were grown at 37°C to an OD578 of 0.8, IPTG (0.5 mM) was added and incubation continued for 4 h at 25°C. The diguanylate cyclase PleD* was purified exactly as described .
Cells were harvested and lysed by passage through a French press. The soluble protein fraction was used for protein purification according to a standard protocol (QIAexpressionist manual; Qiagen) with slightly altered elution buffer (50 mM Tris-HCl pH 7.5, 200 mM NaCl, 250 mM imidazole, 1 mM MgCl2, 10 % glycerol). Proteins were dialysed in cyclase reaction buffer (25 mM Tris-HCl pH 7.5, 100 mM NaCl, 10 mM MgCl2, 5 mM β-mercaptoethanol, 5 % glycerol). For crosslinking experiments with disuccinimidyl suberate (DSS), proteins were dialysed in 50 mM sodium phosphate buffer (pH 7.5), 150 mM NaCl, 5 mM MgCl2, 5 % glycerol, 5 mM β-mercapto ethanol. For UV-crosslinking with radiolabeled c-di-GMP or GTP, YciR was used directly after purification (without dialysis).
In-vitro protein-protein interaction assay, SDS polyacrylamide gel electrophoresis and immunoblot detection of proteins
In-vitro interaction assays were performed by affinity chromatography ("pull-down" assays) of extracts of soluble cellular proteins on S-protein agarose (Merck, previously Novagen). Cellular extracts were prepared from strains that express either YdaM, YciR or MlrA from plasmids (either S-tagged or His6-tagged). In order to minimize interference of untagged proteins expressed from the chromosomal background, extracts containing one of the His6-tagged proteins were prepared from a rpoS mutant background (expression of ydaM, yciR and mlrA requires σ S -containing RNAP). Extracts containing one of the S-tagged proteins were obtained from yciR mutants, since the T7-polymerase expression system required for expressing the S-tagged protein did not function in the rpoS background (our unpublished observation). Cells were grown as described before (see protein purification) and, in 100fold concentration, resuspended in binding buffer (20 mM Tris-HCl ph 7.5, 150 mM NaCl, 5 mM MgCl2) and lysed by passage through a French Press. After centrifugation at 17.000 rpm the soluble protein fraction was analysed by SDS-PAGE. 70-80 µl S-protein agarose was incubated for 30 min with 1 ml of the respective S-tagged protein cell extract and the supernatant was discarded after centrifugation at 2000 rpm. Depending on relative protein concentrations (observed by the SDS-PAGE analysis), 100-500 µl of the cell extract containing the desired overexpressed His6-tagged protein was added and incubated for 30 min. After washing 4 times with 1 ml binding buffer the samples were eluted with 30 µl 3 M MgCl2 (Becker et al., 1999) .
Eluates were analyzed by 12 % SDS-PAGE and proteins were detected by immunoblotting as previously described (Lange and Hengge-Aronis, 1994 ) using a His-tag antibody (Bethyl Laboratories, Inc.) and a goat anti-rabbit IgG alkaline-phosphatase conjugate (Sigma) for protein visualisation in the presence of a chromogenic substrate (BCIP/NBT; Roth/AppliChem).
Two-hybrid analysis for testing protein-protein interactions in vivo
Bacterio-Match two-hybrid system (Agilent Technologies) is based on co-transformation of pBT and pTRG, which express the two potentially interacting proteins C-terminally fused to the N-terminal DNA-binding domain of the lambda cI repressor and to the N-terminal domain of the bacterial RNA polymerase alpha subunit, respectively (Dove and Hochschild, 2004) . Interacting hybrid proteins activate the transcription of the reporter gene cassette which includes the HIS3 gene that complements the hisB mutation of the reporter strain. The procedure was performed according to the instruction manual of the BacterioMatch ® II TwoHybrid System Vector kit with the following slight alterations.
Co-transformation of plasmids was performed by heatshock with approx. 24 fmol of the plasmids and 50 µl competent cells in half the volumes of supplements or media as indicated in the manual. To counteract basal expression (occurring in the absence of interacting hybrid proteins) and thus suppress growth on selective minimal media (lacking histidine), 4 mM of the competitive inhibitor 3-amino-1,2,4-triazole (3-AT) was added to the plates.
Co-transformants (200 µl after 1:20 or 1:40 dilution) were plated on nonselective screening plates containing M9 salts, 0.4 % glucose, 50 µM IPTG, 25 µg/ml chloramphenicol, 12.5 µg/ml tetracycline and several supplements as described in the manual. In parallel, 200 µl were also plated on selective plates containing 3-AT. When cells grew insufficiently even on nonselective plates, they were plated in higher concentration. Cells on nonselective plates were grown for 24 h at 37°C followed by 24 h at 28°C. Cells on selective plates were grown for 24 h at 37°C followed by 24 h to 48 h at 28°C. For quantitative analysis the colonies obtained were counted and a ratio of cfu of selective:nonselective plates was calculated. For qualitative analysis colonies from the nonselective plates were patched on selective and nonselective plates (in this order; five independent colonies for each co-transformation) and incubated for 24 h at 37°C followed by 48 h at 28°C (except the GGDEF domains combined to MlrA-CTD in the 5 th panel in Fig. 3 , where the incubation at 28 o C was only for 24 h and the inibitor concentration was rised to 5mM). Quantitative and qualitative data correlated well, and therefore only the more direct and visual qualitative data from the patching plates are shown.
